Abstract -Epithelial scrapes of the cervix from patients with cervix cancer (n=30) and without the diseased condition (n=23) were processed for the micronucleus test. Statistical analysis of the data revealed significantly elevated frequency of micronucleated (MNd) cells in all the patients irrespective of the stage of cancer. The damage within the stage-types was however non-significant. Significantly elevated percent frequencies of MNd cells were also observed for pre-treated cervix cancer patients compared with the control data; for different age-at -marriage groups; in aged patients; in the weaker socio-economic groups and in those with more child-bearing and/or total number of pregnancies; though within group differences were not always significant.
INTRODUCTION
Statistics have revealed that about four of every five cervical carcinoma cases occur in those countries which are without screening programmes (RICHART 1995) . In India, approximately 20 per 100,000 women have cervix cancer while one in 63 women is likely to suffer from this disease in her lifetime (CHAUHAN et al. 1998) . Informational access to epidemiology, etiology, risk factors and treatment of cervical cancer can assist in its improved clinical detection and management. In fact existing and newer protocols and techniques for cytological screening can render towards a goal of 100% early detection (ANDERSON and MAY 1995) . The micronucleus test (MNT) on exfoliated cells (STITCH and ROSIN 1984) has been successfully used to recognize population groups at risk from the cancers of oral cavity, urinary bladder, cervix and oesophagus. Micronuclei (MN) are intracytoplasmic inclusion bodies from chromatin fragments or whole chromosomes; their presence in cells is a reflection of chromosomal aberration during cellular mitosis. Their frequency appears to increase in carcinogen-exposed tissues long before any clinical symptoms are evident. Since there is a prevalence of risk factors for cervix cancer in Indian populations, it was thought pertinent to screen suspected cervix cancer patients in a costeffective manner using the micronucleus test.
MATERIALS AND METHODS
Cervical epithelial smears from 30 cases of cervix cancer (diagnosed by Pap smear and cervical biopsy after sample collection) and 23 cases (age and socioeconomic status matched) with other gynaecological infections but without the disease were altogether processed. The latter were considered the control group, as it is not a normal practice for women here to undertake a cervix examination. Data on personal, medical, genetic, family histories and lifestyle were recorded through individual interviews. Informed written consent for sample collection was also obtained.
The attending gynaecologists were requested to adhere to the procedure for sample collection (UDU- MUDI et al. 1998) . The cell scrapings were suspended in phosphate buffered saline (PBS). The samples were processed till the fixation stage in the laboratory of the Mohan Dai Oswal Cancer Hospital at Ludhiana and the slide preparations were transported to the university laboratory in dust-protected slide-boxes.
Cervical smears were processed for the MNT using the method of CHAKRABARTI and DUTTA (1980) though the chemicals were procured from Hi-Media, India. The procedure entailed alternate washing and centrifugation of epithelial cells thrice in PBS at 1200 rpm for 10 min. Fixation of smears was carried out in methanol for 20 min. followed by staining in 0.25% May-Gruenwald stain for 3 min and counter-staining in 1.0% Giemsa for 2 min. Screening of coded preparations was done under a binocular microscope. The criteria for scoring micronucleated (MNd) cells (cells with micronuclei) and micronuclei (MN) as given by TOLBERT et al. (1992) were followed. As the amount of sample available was variable, 500-1000 cells per individual were screened. The data obtained for percent frequency of MNd cells were subjected to root square transformation and analysed using the Student's t-test. Data were also analysed for different variables using the multiple regression method.
RESULTS
A follow-up after sample collection revealed that two out of the 30 (Table 1) were suspected cases of cervix cancer while others were in different stages (FIGO). Genetic damage in cervix cancer patients was greater as compared to that in the control group. The percent frequency of MNd cells in patients who had undertaken a radiotherapy course (n=5) was however comparable to that in controls (data in RT-Radio-therapy * Significant and ** highly significant compared to control group, p≤0.016 (Student's 't'-test); a -calculated as an average of individual frequencies of micronucleated cells in that group. b -non-significant compared to that in control group. (Table 2) .
As the age of marriage is a strong etiological factor in cervix cancer (EDEBIRI 1990; BRINTON et al. 1990) , it has been correlated with the incidence of micronuclei in the study group (Table 3) . The percent micronuclei frequencies in the 16-20 years' group were found to be highly significant from control values both at 5% and 1% levels (t cal = 4.59; t tab (5%)=2.060; (1%)=2.787; d.f.=25). Similarly, in the range of 21-25 years, highly significant difference in percent frequency of MNd cells was apparent on comparison with that in the control group (t cal =4.124; t tab (5%)= 1.960; (1%)=2.576; d.f.=33). There were however no significant differences in percent frequency of MNd cells within the patients' groups.
In order to assess whether the age-at-detection/onset correlated with observed percent frequency of MNd cells, the age-wise distribution of cervix cancer patients was studied (Table 4) . The age-at-detection of the cancer was observed to be the age of the patients as they had visited the hospital actually for such reasons as postmenopausal bleeding, continuous bleeding for 2-3 months, foul-smelling discharge, infections, etc., and only then had they been diagnosed with It was also observed that lesser the number of pregnancies correlated with lesser percent frequency of MNd cells (Table 5) . Significance was revealed when the data were compared to parallel control values, i.e. for each increasing subset of number of pregnancies, there was a highly significant increase in micronuclei frequency.
As per the hospital records, the subjects belonged only to the lower and middle socioeconomic status (SES). The percent frequency of MNd cells in the patients was highly significant from the values in their respective parallel controls but did not differ between the frequencies in the patient categories (Table 6) .
In order to evaluate the effects of age-at-marriage and number of pregnancies simultaneously, a multiple regression analysis was carried out separately with percent frequency of MNd cells and stages of cancer as dependent variables. The analysis failed to reveal any of the significant predictive variables (p>0.5). However the variable, age-at-marriage, was observed to be nearly significant with the percent frequency of MNd cells (F=2.56) whereas, the coefficient of determination was significant in this case (R γ =0.0634).
DISCUSSION
The analysis of data from the present study has revealed an elevated percent frequency of MNd cells in cervix smears of patients with different stages of cervix cancer. Cytogenetic damage has also been documented in various cell-types in cervix cancer patients in literature, though reports on the MN test in cervix smears are scanty and also not from this region. Non-random chromosomal changes including deletions of chromosomes 1p, 1q, 6p, 17p and isochromosomes of 4p and 5p have been reported (ATKIN et al. 1990; MITRA et al. 1995) to be associated with cervix cancer. Cervical pre-cancerous and cancerous lesions revealed metaphases with aberrations (MITRA et al. 1986 ) while biopsies of cervix tumours revealed non-random genetic deletions, mapping to each of the autosomal and sex chromosomal arms with two novel sites of candidate tumour suppressor genes on 5p and Xq (MITRA 1998) . Comet Assay analysis in cervical epithelial cells and leucocytes of patients with pre-cancerous and cancerous lesions of the cervix showed a significant stepwise increase in the mean basal DNA damage in both the cell types (JAISWAL et al. 1994) .
Though our results have shown no differences for micronuclei induction with respect to various stage-types, yet some authors have reported increased damaged in severe cancerous conditions. Probably the combination of various factors like younger age-at-marriage, number of pregnancies, socio-economic status as well as varying number of patients in each group could be the reasons for this disparity in this study. It has to be recalled that dysplasia, if left untreated, may progress to cancer or even regress to normalcy as the biological behaviour of these pre-cancerous lesions is totally unpredictable (AHUJA et al. 1996) . Rather, only about 0.5% of the cases of mild dysplasia and about 10.0% of those of severe dysplasia are likely to progress to cancer (DESAI et al. 1997) .
A single report (CHAKRABARTI and DUTTA 1988) of the micronucleus test in cervix epithelial cells has recorded that moderate and severe dysplasia cases were observed to show slightly higher frequency of micronuclei than the inflammatory and mild dysplasia ones and that the increased frequency of micronuclei in exfoliated cervical cells reflected sustained mutagenesis in the cervical epithelium. The present results also mimic a significant increase in percent frequency of MNd cells in cervix cancer patients as compared to the frequency of MNd cells in control individuals.
As stated above, there were maximum number of patients in the 46-55 years' bracket in the sample population studied. The age-range of cervix cancer patients in different studies has also been reported in the range of 44.6-54.0 years (BRIN- TON et al. 1990; PARAZZINI et al. 1992) .
In the post-treated cervix cancer patients, the stages at which detection was followed by therapy included the sub-types, Ia, Ib, IIa and IIb. The analysis revealed percent frequency of MNd cells to be non-significant to the value in control. It has been reported (TONKIN et al. 1998 ) that doserates of ~ 5cGymin -1 of irradiation allowed greater repair and was of clinical interest in the treatment of cervix cancer. The patients in the study group had taken a complete (12-45cGymin -1 ) radiotherapy course as prescribed by the attending oncologists. An increased repair efficiency, as cited in literature, could probably also be at work in these cases.
Reports in literature have cited that the adolescent period is marked by a high mitotic activity of the cervical cells and so any carcinogen or sexually transmitted agent at this stage has good chances of its incorporation (REEVES et al. 1985) . A relative risk of 1.7 for women less than 16 years compared to women above 20 years of age at the start of sexual intercourse for cervix cancer had also been observed (EDEBIRI 1990; BRINTON et al. 1990) . As the younger age-at-marriage provides more scope for sexual life and pregnancies or abortions, leading onto more trauma to the cervical canal, thereby an increased risk for cervix cancer is posed. The damage in patients marrying at an early age as in the sample group in this study, therefore also corroborates the above findings.
These findings augment previous reports where a direct relation of child-bearing to cervical cancer had been reported (EBELING et al. 1987) . With reference to nulliparous women, the risk of invasive cervical cancer was reported to increase significantly with increasing number of births; the risk being about 5 times greater in women with 5 or more births (PARAZZINI et al. 1992) . Hence, the present data also showed such a concordance on comparison with parallel controls and support the fact that increased susceptibility to cervix cancer is associated with increased child bearing because of basal damage and trauma to cervical epithelial cells of the cervical canal.
Low SES is generally coupled with low literacy rate, poor hygiene, less personal cleanliness, etc. (TOMATIS 1995) besides malnutrition, vitamin deficiency and other unhygienic life-styles (AHUJA et al. 1996) . This makes the individuals prone to infections, and hence, increases the risk of cervix can- cer. Such findings in patients from the lower strata in this study further substantiate these reports. The results of the present study therefore indicate that the MN test in cervix smears can detect genetic damage in patients with cancer of the cervix and in the suspected cases. It may be utilized as an economic accessory and as a novel tool to detect cervix cancer in its pre-clinical asymptomatic stage in the course of routine gynaecological examinations thereby providing scope for its better management.
